HYBRID VEHICLE 



Background of the Invention 

1. Field of the Invention 

The present invention relates to a hybrid vehicle 
comprising an engine which can be suspended from 
combustion, a primary motor and a secondary motor. 

2. Description of the Related Art 

A hybrid vehicle is known in JP - A- 2 0 0 1 - 1 12 1 14 in 
which a primary motor is disposed between an engine and 
front wheels and a secondary motor is connected to rear 
wheels, Inaddition, known in Japanese Pat ent No . 3292224 
and Japanese Patent No. 3209046 is a hybrid vehicle in 
which driving wheels can be driven by an engine and a 
motor, wherein an engine pumping loss reducing means is 
provided to reduce a load genera ted when the motor revolves 
the engine at the time of driving the driving wheels by 
the motor. 

Incidentally, in a hybrid vehicle which is driven 
by a motor with an engine being stopped when a running 
load is light, it is possible to quickly shift from driving 
by the motor to driving by the engine in case the engine 
is started up to be brought to an idling condition in 
advance by detecting that the running load reaches or 
exceeds a predetermined value . However, in the event that 



the engine is started up to run idly in advance, there 
is caused a problem that the amount of consumed fuel is 
increased by such an extent. In addition, since a sum 
of power consumed by the running motor and power consumed 
5 to start up the engine becomes a load to be borne by a 
battery, there is caused another problem that a battery 
having a large capacity is needed. 

Summary of the Invention 

10 The invention was made in view of the situations, 

and an object thereof is to provide a hybrid vehicle which 
can reduce amounts of consumed fuel and power to minimum 
levels while it can perform smoothly shifting from driving 
by the motor to driving by the engine. 

15 With a view to attaining the object, according to 

a first aspect of the invention, there is proposed a hybrid 
vehicle comprising an engine for driving primary driving 
wheels via a transmission, which engine is able to be 
suspended from combustion, a primary motor disposed 

20 between the engine and the transmission, a secondary mot or 
for driving one of the primary driving wheels and secondary 
driving wheels which are different from the primary 
driving wheels, and an electricity storage unit connected 
to the primary and secondary motor s , wherein the vehicle 

25 is driven by the secondary motor while allowing the primary 
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motor to perform a combustion suspended idle operation 
in which the engine which is being suspended from 
combustion is run idly by the primary motor according 
to driving conditions of the vehicle. 
5 According to the construction, the engine, which 

can be suspended from combustion, is connected to the 
primary driving wheels via the primary motor and the 
transmission, and the secondary motor is connected to 
the secondary driving wheels. When the vehicle is in a 
10 predetermined driving condition, the vehicle can be driven 
by the secondary motor while allowing the primary motor 
to perform the combustion suspended idle operation. 
Therefore, the necessity for the idle operation of the 
engine is obviated so as to reduce the amount of consumed 
15 fuel. In addition, the engine can be started up quickly 
and securely with a minimum consumed power by resuming 
the control of fuel supply and ignition relative to the 
engine and driving the primary motor while reducing the 
load of the primary motor during the combustion suspended 
20 idle operation of the engine so as to reduce the consumed 
power to a minimum level . 

In addition, according to a second aspect of the 
invention, there is proposed a hybrid vehicle as set forth 
in the first aspect of the invention, wherein the secondary 
25 motor is provided between the transmission and the primary 
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driving wheels. 

According to the construction, there is proposed 
the hybrid vehicle in which the secondary motor i s provided 
between the transmission and the primary driving wheels 
5 in place of the secondary motor for driving the secondary 

driving wheels. 

According to the construction, since the secondary 
motor is provided between the transmission and the primary 
driving wheels in place of the secondary motor for driving 
10 the secondary driving wheels, similar to the case where 
the secondary driving wheels are driven by the secondary 
motor, the vehicle can be driven by driving the primary 
driving wheels by the secondary motor while allowing the 
primary motor to keep the engine in the combustion 
15 suspended idle operating condition. 

Additionally, according to a third aspect of the 
invention, there is provided a hybrid vehicle as set forth 
in the first or second aspect of the invention, wherein 
a rotational speed of the primary motor which is performing 
20 the combustion suspended idle operation is maintained 
at a rotational speed which can provide minimum friction 

on the engine. 

According to the construction, the rotational speed 
of the primary motor which is performing the combustion 
25 suspended idle operation is maintained at the rotational 
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speed which can provide minimum friction on the engine. 
Therefore, the consumed power of the primary motor 
performing the combustion suspended idle operation can 
be reduced to a minimum level . 

In addition, according to a fourth aspect of the 
invention, there is proposed a hybrid vehicle as set forth 
in the first or second aspect of the invention, wherein 
a rotational speed of the primary mo tor which is performing 
the combustion suspended idle operation is maintained 
at a rotational speed at which the engine can generate 
a predetermined oil pressure. 

According to the construction, the rotational speed 
of the primary motor which is performing the combustion 
suspended idle operation is maintained at the rotational 
speed at which the engine can generate the predetermined 
oil pressure. Therefore, the need for providing a 
separate electric oil pump is obviated to thereby prevent 
an increase in the number of components involved. 

In addition, according to a fifth aspect of the 
invention, there is proposed a hybrid vehicle as set forth 
in the first or second aspect of the invention, wherein 
at least either an inlet valve or an exhaust valve is 
held closed during the combustion suspended idle 
operation . 

According to the construction, at least either the 
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inlet valves or the exhaust valves are held closed during 
the combustion suspended idle operation. Therefore, the 
pumping loss of the engine can be reduced to thereby reduce 
the power consumption of the primary motor further. 
5 Additionally, according to a sixth aspect of the 

invention, there is proposed a hybrid vehicle as set forth 
in the first or second aspect of the invention, wherein 
starting up the engine from the combustion suspended idle 
operation is determined based on an inclination angle 

10 of a road surface and a residual capacity of the electricity 
storage unit . 

According to the construction, whether or not the 
engine is started up from the combustion suspended idle 
operating condi t ion i s determined based on the inclination 

15 angle of the road surface and the residual capacity of 
the electricity storage unit . Therefore, a risk that the 
engine cannot be started up due to the shortage of residual 
capacity of the electricity storage unit can be avoided 
while preventing the reverse of the vehicle due to the 

20 inclined road surface. 

In addition, according to a seventh aspect of the 
invention, there is proposed a hybrid vehicle as set forth 
in the six aspect of the invention, wherein the engine 
is started up when the inclination angle of a road surface 

25 is equal toor larger than a first set value and the residual 
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capacity of the electricity storage unit is less than 
a second set value, whereby the primary motor is driven 
by driving force of the engine as a generator, and the 
secondary motor is driven by power so generated by the 
primary motor so as to drive the vehicle. 

According to the construction, the engine is started 
up when the inclination angle of a road surface is equal 
to or larger than a first set value and the residual 
capacity of the electricity storage unit is less than 
a second set value. Therefore , the primary mo tor i s driven 
by driving force of the engine as a generator, and the 
secondary motor is driven by power so generated by the 
primary motor so as to drive the vehicle . Therefore, the 
electricity storage unit can be charged before the engine 
cannot be started up due to the shortage of residual 
capacity of the electricity storage unit, and the 
secondary motor can be driven by the generated output 
oftheengineto thereby prevent the reverse of the vehicle . 

Additionally, according to an eighth aspect of the 
invention, there is provided a hybrid vehicle as set forth 
in the sixth aspect of the invention, wherein the engine 
is idly run with its combustion being suspended when the 
inclination angle of a road surface is equal to or larger 
than the first set value and the residual capacity of 
the electricity storage unit is equal to or larger than 



the second set value , whereby the secondary motor is driven 
to generate a creeping force to prevent the reverse of 
the vehicle. 

According to the construction, the engine is idly 
run with its combustion being suspended when the 
inclination angle of a road surface is equal to or larger 
than the first set value and the residual capacity of 
the electricity storage unit is equal to or larger than 
the second set value. Therefore, the secondary motor is 
driven to generate a creeping force to prevent the reverse 
of the vehicle, the reverse of the vehicle can be prevented 
by the creeping force generated by the secondary motor 
while maintaining the engine in a condition in which the 
engine can be started up at once. 

Lastly, according to a ninth aspect of the invention, 
there is proposed a hybrid vehicle as set forth in the 
eighth aspect of the invention, wherein the engine is 
started up when the reverse of the vehicle cannot be 
prevented by the creeping force generated by the secondary 
motor, a lock current for preventing the reverse of the 
vehicle being supplied to the secondary motor. 

According to the construction, the engine is started 
up when the reverse of the vehicle cannot be prevented 
by the creeping force generated by the secondary motor, 
the lock current for preventing the reverse of the vehicle 
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being supplied to the secondary motor. Therefore, the 
reverse of the vehicle can be prevented securely even 
when the inclination angle of the road surface is steep. 
Note that a battery B in embodiments corresponds 
5 to the electricity storage unit of the invention, front 
wheels Wf in the embodiments correspond to the primary 
driving wheels, and rear wheels Wr in the embodiments 
correspond to the secondary driving wheels of the 
invent ion . 

10 

Brief Description of the Drawings 

Fig. l is a diagram showing an overall configuration 
of a power train of a hybrid vehicle; 

Fig. 2 is a block diagram showing a control system 
15 for the hybrid vehicle; 

Fig. 3 is a diagram explaining an example of driving 
condition of the hybrid vehicle; 

Figs. 4A and 4B are diagrams explaining amounts of 
power consumed when starting up an engine; 
20 Fig. 5 is a flowchart showing a deceleration routine 

of the vehicle; 

Fig. 6 is a flowchart showing another deceleration 

routine of the vehicle; 

Fig. 7 is a flowchart showing a stop or cruising 

25 routine of the vehicle; 



9 



Fig. 8 is a flowchart showing an engine start -up/ stop 
routine when the vehicle is stopped; 

Fig. 9 is a map determining on a driving area by 
electric power and a driving area by the engine; and 

Fig. 10 is a diagram showing an overall configuration 
of a power train of a hybrid vehicle according to a second 
embodiment . 

Detailed Description of the Invention 

A mode for carrying out the invention will be 
described below based on embodiments of the invention 
which are illustrated in the accompanying drawings. 

Figs. 1 to 9 illustrate a first embodiment of the 
invention. Fig. 1 is a diagram showing an overall 
configuration of a power train of a hybrid vehicle. Fig. 
2 is a block diagram showing a control system for the 
hybrid vehicle . Fig . 3 is a diagram explaining an example 
of driving condition of the hybrid vehicle . Figs . 4A and 
4B are diagrams explaining amounts of power consumed when 
starting up an engine. Fig. 5 is a flowchart showing a 
deceleration routine of the vehicle. Fig. 6 is a 
flowchart showing another deceleration routine of the 
vehicle. Fig. 7 is a flowchart showing a stop or cruising 
routine of the vehicle. Fig. 8 is a flowchart showing 
an engine start -up/ stop routine when the vehicle is 
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stopped. Fig. 9 is a map determining on a driving area 
by electric power and a driving area by the engine. 

As shown in Fig. 1, a hybrid vehicle V includes an 
engine E in which combustion in all of cylinders thereof 
can be suspended, a transmission T, a primary motor Ml 
disposed in line between the engine E and the transmission 
T and a clutch C, and left and right front wheels Wf, 
Wf . The left and right front wheels Wf, Wf . are main 
driving wheels, and connected to the transmission T. In 
addition, a secondary motor M2 is connected to left and 
right rear wheels Wr, Wr, which are sub driving wheels. 
The primary and secondary motors Ml, M2 are connected 
to a battery B and a motor electronic control unit Urn. 
The primary and secondary motors Ml, M2 are each made 
up of a so-called motor /generator which can function as 
a generator. 

As shown in Fig. 2, an engine electronic control 
unit Ue, the motor electronic control unit Urn, a battery 
electronic control unit Ub and a forward/reward 
acceleration sensor Sg are connected to a management 
electronic control unit U. 

A throttle opening signal and a vehicle speed signal 
are inputted into the engine electronic control unit Ue 
from a throttle opening sensor St and a vehicle speed 
sensor Sv, respectively. An engine start-up permission 
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signal and an engine output command signal are also 
inputted into the engine electronic control unit Ue from 
the management electronic control unit U. In addition, 
the engine electronic control unit Ue outputs various 
5 signals indicating operating conditions of the engine 
E to the management electronic control unit U. 

Inputted into the motor electronic control unit Urn 
are a temperature signal and a fail signal from a primary 
inverter II for controlling the operation of the primary 

10 motor Ml, a temperature signal and a fail signal from 
an inverter 12 for controlling the operation of the 
secondary motor M2 , a rotational position signal from 
a rotational position sensor Sri connected to the primary 
motor Ml, a rotational position sensor from a rotational 

15 position sensor Sr2 connected to the secondary motor M2 , 
and motor torque/output command signals from the 
management electronic control unit U. In addition, the 
motor electronic control unit Urn outputs various signals 
indicating operating conditions of the primary and 

20 secondary motors Ml, M2 to the management electronic 
control unit U and also outputs a drive signal to the 
inverters II, 12. 

Inputted into the battery electronic control unit 
Ub , area voltage signal , a current signal and a temperature 

25 signal are inputted from the battery B connected to the 
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primary and secondary motors Ml, M2 via the inverters 
II, 12, respectively. There battery electronic control 
unit Ub outputs a battery residual capacity signal to 
the management electronic control unit U. 
5 Incidentally, inlet valves of the engine E are 

controlled to be opened and closed by interlocking with 
the rotation of a crankshaft when the engine E is normally 
run. In this embodiment, the inlet valves are held closed 
so as to reduce the pumping loss of the engine while the 

10 engine is run idly with its combustion within cylinders 
thereof being suspended during which the control of fuel 
injection and ignition into the engine E is suspended. 
Consequently, the consumed power of the primary motor 
Ml can be saved by reducing to a minimum level a load 

15 at which the engine E is rotated by the primary motor 
Ml while the engine E is run idly with its combustion 
within the cylinders thereof being suspended. In this 
specification, a condition in which the engine E which 
is being suspended from combustion is rotated by the 

20 primary motor Ml is referred to as a combustion suspended 
idle operating condition. 

Next, referring to Fig. 3, operating conditions of 
the primary and secondary motors Ml, M2 when the vehicle 
V is started up from rest and is then accelerated after 

25 it has been stopped from a decelerated condition will 
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schematically be described below. 

When the vehicle V is decelerated, with the control 
of fuel supply and ignition to the engine E being suspended , 
driving forces of the front wheels Wf, Wf are reversly 

5 transmitted to the primary motor Ml for regenerative 
braking, and driving forces of the rear wheels Wr, Wr 
are reversely transmitted to the secondary motor M2 for 
regenerative braking. Therefore, kinetic energy of the 
vehicle V is reclaimed to be stored as electric energy 

10 for charging the battery . Immediately before the vehicle 
V stops, the primary motor Ml is driven with the clutch 
being disengaged so as to rotate the engine E from the 
outside to bring the engine E to a combustion suspended 
idle operating condition. At the same time, not only an 

15 oil pressure is generated in an oil pump (not shown) 
provided within the engine E so as to maintain the inlet 
valves closed but also the engine rotational speed at 
which the friction of the engine E in the combustion 
suspended idle operating condition becomes minimum is 

20 maintained. 

The vehicle is started to move by driving the rear 
wheels Wr, Wr by the secondary motor M2 . In the event 
that the engine is permitted to be started up based on 
the throttle opening and the vehicle speed, the control 

25 of fuel supply and ignition is resumed, and the engine 
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E is started up. As this occurs, since the engine is in 
the combustion suspended idle operating condition by the 
primary motor Ml, the engine E can quickly be started 
up by resuming the control of fuel supply and injection 
and increasing the driving force of the primary motor 
slightly. Thus, when the engine E is started up, the front 
wheels Wf, Wf are driven by the driving forces of the 
engine E and the primary motor Ml by engaging the clutch 
C, and the rear wheels Wr, Wr are driven by the driving 
force of the secondary motor M2 , whereby the vehicle V 

is accelerated. 

Note that the cruising of the vehicle is implemented 
by driving the rear wheels Wr, Wr by the secondary motor 
M2, and as this occurs, the engine E is maintained in 
the combustion suspended idle operating condition by the 

primary motor Ml . 

As shown in Fig. 4A, assuming that the primary motor 
Ml and the engine E are stopped while the vehicle is being 
driven by the secondary motor M2 , the consumed power of 
the battery B when the engine E is started up becomes 
a sum of the consumed power of the secondary motor M2 
which is required for driving the vehicle and the consumed 
power of the primary motor Ml which is required for starting 
(cranking) up the engine E. On the other hand, as shown 
in Fig. 4B which illustrates the consumed power of the 
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battery B according to the embodiment of the invention, 
with the engine being run by the primary motor Ml to be 
maintained in the combustion suspended idle operating 
condi t ion , the engine Ecanbe started up only by increasing 
slightly the output of the primary motor Ml , thereby making 
it possible to save the total amount of power required 
for starting up the engine E. Moreover, the fuel 
consumption can be reduced, when compared with a case 
where the engine E is kept idling in preparation for 
starting up the engine E while the vehicle is being driven 
by the secondary motor M2 . 

Next, a function when the vehicle is decelerated 
will be described based on the flowchart shown in Fig. 
5 . 

Firstly, if it is determined in step SI that the 
vehicle speed is equal to or larger than a specified value, 
the regeneration control of the primary and secondary 
motors Ml, M2 is allowed to continue in step S2 . In case 
it is determined in step SI that the vehicle speed is 
less than the specified value, if it is determined in 
step S3 that the engine E is not in the combustion suspended 
condition (a condition where the control of fuel supply 
and injection is simply suspended) , and if it is determined 
in step S4 that the combustion of the engine E can be 
suspended, then, in step S5, the control of fuel supply 
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and injection is suspended so as to bring the engine E 
to the combustion suspended condition. 

With the engine E being in the combustion suspended 
condition, if it is determined in step S6 that the 
rotational speed of the engine is not equal to or less 
than a specified value, then, in step S7, t he regenera t ing 
control is implemented so that the rotational speed of 
theprimary motor Ml is allowed to be lowered to a specified 
value. When the rotational speed of the primary motor 
Ml lowers to the specified value as a result, the clutch 
C is disengaged, in step S8, so as to cut off the connection 
between the primary mot or Ml and the transmission T. Then, 
in this condition, the primary motor is driven so that 
the rotational speed thereof becomes the specified value 
in step S9, whereby with the fuel supply thereto being 
cut off and the inlet valves being kept closed, the engine 
E is brought to the combustion suspended idle operating 
condition by the primary motor Ml. 

On the other hand, if it is determined in step S6 
that the rotational speed of the engine is equal to or 
less than the specified value, the clutch C is disengaged 
so as to cut off the connection between the primary motor 
Ml and the transmission T in step S10, and by driving 
the primary motor Ml so that the rotational speed thereof 
becomes the specified value in step Sll, the engine E 
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to which the fuel supply is being cut off and whose inlet 
valves are being kept closed is brought to the combustion 
suspended idle operating condition. 

The specified value for the engine rotational speed 
5 is an engine rotational speed at which the friction of 
the engine E which is in the combustion suspended idle 
operating condition becomes minimum. 

Next, another function when the vehicle V is 
decelerated will be described based on the flowchart shown 

10 in Fig. 6. In the flowcharts in Figs. 5 and 6, steps SI 
to S5, S8 and S10 are identical, and steps S6, S7, S9 
and Sll of the flowchart in Fig. 5 correspond to steps 
S6', S7', S9' and Sll' of the flowchart in Fig. 6. 

In the flowchart in Fig. 5, when the rotational speed 

15 of the engine becomes equal to or less than the specified 
value in conjunction with the deceleration of the vehicle 
V, the primary motor Ml is driven so that the engine E 
is brought to the combustion suspended idle operating 
condition in which the engine E is run at the rotational 

20 speedat which the friction of the engine E becomes minimum . 
Thus, the engine E can be started up as soon as the control 
of fuel supply and injection is resumed, while the power 
consumption of the primary motor Ml is reduced to a minimum 
level. In contrast, in the flowchart in Fig. 6, when the 

25 oil pressure generated by the engine E becomes equal to 
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or less than a specified value in conjunction with the 
deceleration of the vehicle V, the primary motor Ml is 
driven so as to bring the engine E to the combustion 
suspended idle operating condition. Therefore, an oil 
pressure can be generated which is required to bring the 
inlet valves to the closed condition so as to reduce the 
pumping loss in the combustion suspended idle operating 
condition, while reducing the power consumption of the 
primary motor Ml to the minimum level. 

Note that in case the specified value for the engine 
rotational speed that is determined in the flowchart in 
Fig. 5 differs from the engine rotational speed determined 
in the flowchart in Fig. 6 at which the engine oil pressure 
becomes the specified value, the rotational speed of the 
primary motor Ml is controlled so as to realize the higher 
engine rotational speed. 

Next, a function when the vehicle V is stopped or 
cruised will be described based on the flowchart shown 
in Fig . 7 . 

Firstly, if it is determined in step S21 that the 
engine rotational speed is 0, the engine E is allowed 
to continue to stop idling in step S22. On the contrary, 
if it is determined in step S21 that the engine rotational 
speed is not 0, and if it is determined in step S23 that 
the engine E is not in the combustion suspended idle 
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operating condition, then, either of a driving by the 
engine or a driving by the electric motor is selected 
by the map shown in Fig. 9 in step S24 . Namely, the rear 
wheels Wr, Wr are driven by the secondary motor M2 so 
5 as to make the vehicle V cruise in an area where the vehicle 
speed is slow and the throttle opening is small, whereas 
the front wheels Wf , Wf are driven by the engine E so 
as to make the vehicle V cruise in an area where the vehicle 
speed is fast and the throttle opening is large. 

10 If it is determined in the step S23 that the engine 

E is in the combustion suspended idle operating condition, 
and if it is determined in step S25 that the rotational 
speed of the primary motor Ml does not coincide with the 
specified value (refer to the flowchart in Fig. 5) , then, 

15 the primary motor Ml is controlled so that the rotational 
speed thereof becomes the specified value in step S26. 
If it is determined in the step S25 that the rotational 
speed of the primary motor Ml coincides with the specified 
value (refer to the flowchart in Fig. 5), if it is 

20 determined in step S27 that the acceleration of the vehicle 
V is required, and if it is determined in step S28 that 
the throttle opening and the vehicle speed are in the 
electric motor driving area on the map shown in Fig. 9, 
the rear wheels Wr, Wr are driven by the secondary motor 

25 M2 in step S29. On the contrary, if it is determined in 
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the step S28 that the throttle opening and the engine 
speed fall in the engine driving area, not the electric 
motor driving area, while the vehicle V is run by the 
secondary motor M2 in step S30, the engine E, which is 
in the combustion suspended idle operating condition, 
is started up in step S31, and the front wheels Wf, Wf 
are driven by the engine E based on the map in Fig. 9 
to run the vehicle in step S32. 

Next, a function of starting up and stopping the 
engine E while the vehicle V is stopped will be described 
further based on the flowchart shown in Fig. 8. 

Firstly, if it is determined in step S41 that the 
inclination of a road surface is not equal to or larger 
than a set value and hence that there is no risk that 
the vehicle V slides downwardly, then, the engine E is 
maintained in the stopped condition in step S42 . On the 
contrary, if it is determined in the step S41 that the 
inclination angle of the road surface is equal to or larger 
than the set value, and if it is determined in step S43 
that the residual capacity of the battery B is equal to 
or larger than a set value, then, the motor Ml is driven 
to bring the engine E to the combustion suspended idle 
operating condition in step S44, and the secondary motor 
M2 is driven so as to generate a creeping force resisting 
against the mass of the vehicle which would be slide 
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downwardly along the inclined road surface in step S45 # 
thereby making it possible to prevent the vehicle from 
sliding downwardly due to the inclination of the road 
surface . 

If it is determined in step S46 that the vehicle 

V continues to slide downwardly irrespective of the 
generation of such a creeping force, the engine E, which 
is being in the combustion suspended idle operating 
condition, is started up so as to generate a creeping 
force which can deal with the downward slide of the vehicle 

V in step S47, and a lock current is supplied to the 
secondary motor M2 so as to generate a braking force in 
step S48, whereby the prevention of the downward slide 
of the vehicle can be ensured. 

On the other hand, if it is determined in the step 
S43 that the residual capacity of the battery B is not 
equal to or larger than the set value, the primary motor 
Ml is driven by the engine E so as to make the primary 
motor Ml to function as a generator in step S49, whereby 
the residual capacity of the battery B is restored to 
a level equal to or larger than the set value by the 
generated output of the primary mot or Ml , and the secondary 
motor M2 is driven to prevent the vehicle V from sliding 
downwardly. As this occurs, by running the engine E at 
a most efficient engine rotational speed, the fuel 
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consumption can be reduced to the minimum level. 

Next, a second embodiment of the invention will be 
described based on Fig. 10. 

While the rear wheels Wr , Wr are driven by the second 
5 motor M2 in the first embodiment, a second motor M2 is 
disposed on an output side of the transmission T or between 
the transmission T and the front wheels Wf, Wf in the 
second embodiment. According to the second embodiment, 
similar to the first embodiment described earlier, the 
10 vehicle V can be run by driving the front wheels Wf , Wf 
by the second motor M2 while the engine E is maintained 
in the combustion suspended idle operating condition by 
the primary motor Ml . 

Thus, while the embodiments of the invention have 
15 been described heretofore, the invention can be modified 
in various ways with respect to designs without departing 
from the spirit and scope thereof. 

For example, while the inlet valves are held closed 
during the combustion suspended idle operating condition 
20 in the embodiments, both the inlet valves and the exhaust 
valves or only the exhaust valves may be held closed. 

Thus , according to the first aspect of the invention, 
the engine, which can be suspended from combustion, is 
connected to the primary driving wheels via the primary 
25 motor and the transmission, and the secondary motor is 
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connected to the secondary driving wheels. Therefore, 
when the vehicle is in a predetermined driving condition, 
the vehicle can be driven by the secondary motor while 
allowing the primary motor to perform the combustion 
5 suspended idle operation, the necessity for the idle 
operation of the engine is obviated so as to reduce the 
amount of consumed fuel. In addition, the engine can be 
started up quickly and securely with a minimum consumed 
power by resuming the control of fuel supply and ignition 

10 relative to the engine and driving the primary motor while 
reducing the load of the primary motor during the 
combustion suspended idle operation of the engine so as 
to reduce the consumed power to a minimum level . 

According to the second aspect of the invention, 

15 since the secondary motor is provided between the 
transmission and the primary driving wheels in place of 
the secondary motor for driving the secondary driving 
wheels, similar to the case where the secondary driving 
wheels are driven by the secondary motor, the vehicle 

20 can be driven by driving the primary driving wheels by 
the secondary motor while allowing the primary motor to 
keep the engine in the combustion suspended idle operating 
condition . 

According to the third aspect of the invention, the 
25 rotational speed of the primary motor which is performing 
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the combustion suspended idle operation is maintained 
at the rotational speed which can provide minimum friction 
on the engine. Therefore, the consumed power of the 
primary motor performing the combustion suspended idle 
5 operation can be reduced to a minimum level. 

According to the fourth aspect of the invention, 
the rotational speed of the primary motor which is 
performing the combustion suspended idle operation is 
maintained at the rotational speed at which the engine 

10 can generate the predetermined oil pressure. Therefore , 
the need for providing a separate electric oil pump is 
obviated to thereby prevent an increase in the number 
of components involved. 

According to the fifth aspect of the invention, at 

15 least either the inlet valves or the exhaust valves are 
held closed during the combustion suspended idle operation. 
Therefore, the pumping loss of the engine can be reduced 
to thereby reduce the power consumption of the primary 
motor further. 

20 According to the sixth aspect of the invention, 

whether or not the engine is started up from the combustion 
suspended idle operating condition is determined based 
on the inclination angle of the road surface and the 
residual capacity of the electricity storage unit. 

25 Therefore, a risk that the engine cannot be started up 
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due to the shortage of residual capacity of the electricity 
storage unit can be avoided while preventing the reverse 
of the vehicle due to the inclined road surface. 

According to the seventh aspect of the invention, 
the engine is started up when the inclination angle of 
a road surface is equal to or larger than a first set 
value and the residual capacity of the electricity storage 
unit is less than a second set value. Therefore, the 
primary motor is driven by driving force of the engine 
as a generator, and the secondary motor is driven by power 
so generated by the primary motor or the generator so 
as to drive the vehicle, the electricity storage unit 
can be charged before the engine cannot be started up 
due to the shortage of residual capacity of the electricity 
storage unit, and the secondary motor can be driven by 
the generated output of the engine to thereby prevent 
the reverse of the vehicle. 

According to the eighth aspect of the invention, 
the engine is idly run with its combustion being suspended 
when the inclination angle of a road surface is equal 
to or larger than the first set value and the residual 
capacity of the electricity storage unit is equal to or 
larger than the second set value. Therefore, the 
secondary motor is driven to generate a creeping force 
to prevent the reverse of the vehicle, the reverse of 
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the vehicle can be prevented by the creeping force 
generated by the secondary motor while maintaining the 
engine in a condition in which the engine can be started 
up at once . 

5 According to the ninth aspect of the invention, the 

engine is started up when the reverse of the vehicle cannot 
be prevented by the creeping force generated by the 
secondary motor, the lock current for preventing the 
reverse of the vehicle being supplied to the secondary 
10 motor. Therefore, the reverse of the vehicle can be 
prevented securely even when the inclination angle of 
the road surface is steep. 
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